The proliferation of mobile devices boosts mass multimedia content delivery in wireless environments. Wireless content delivery network systems strongly require a lightweight caching strategy because of the processing capability constraints. In this paper, we introduce a one-touch caching scheme that exploits a temporal locality property as the minimum intelligence by making cache servers blindly cache the most recently requested content. Simulation results show that our strategy with little overhead has a comparable performance to conventional schemes such as LRU (least recently used), LFU (least frequently used) and other variants with heavy computational overheads.
Introduction
As the demand for various mass multimedia content increases and mobile devices are popularized, it has recently become essential that content is transmitted up to these devices in wireless environments. Wireless content delivery networks (CDNs) [1] have rapidly grown in popularity as a primary alternative to meet the need by deploying cache servers even within the range of wireless networks, in contrast with wired CDNs. There has been little work on caching strategies for the wireless CDNs, whereas caching strategies for the wired CDNs have received much attention [2] . A caching scheme for the wireless CDNs must be lightweight and simple because the processing capability of wireless equipment is insufficient, compared to the existing wired CDN servers with about 3 GHz CPU and hundreds of GB memory [3] despite considering advances of recent wireless network equipment with about 1 GHz CPU and hundreds of MB memory [4] . Note that many content-related processing beyond networking tasks consumes more CPU and memory resources at higher layers than layer 3 in the cache servers by CDN system characteristics [1] . Unfortunately, all existing strategies for the wired CDNs tend to have a heavy overhead of excessive operation to enable good performance. This implies that wired schemes are inappropriate for the wireless CDNs.
In this paper, we introduce a lightweight one-touch caching strategy that has good feasibility due to its simplicity and an acceptable performance level based on the minimum intelligence suitable for the wireless CDNs. Our major contribution is to find remarkable results to break away from the stereotype for performance-overhead tradeoff. Through simulations, we demonstrate that the performance of our low-overhead scheme is comparable to that of the conventional high-overhead LRU (least recently used), LFU (least frequently used), and other variants in terms of hit ratio.
Brief review of caching strategies
Most caching strategies are based on the two key metrics of recency and frequency. A number of schemes have been developed by extending these metrics with additional intelligence [2] . Unfortunately, as shown in Table I , all of the existing schemes suffer from heavy overheads due to their high degree of intelligence [2] . This is because the schemes are basically designed for wired systems. In the worst case, these strategies have to compare all content to pick out that with the highest or lowest priority (i.e., O(n)). 
On the other hand, although most schemes including LRU, LFU, and other variants can have reduced complexity, they require specific data structures such as a list or heap for low complexity. This implies that the schemes are not suitable for wireless systems, where the additional constraint of system lightness is strongly required. Further, there has been little effort to devise caching strategies for wireless systems. This is why we are motivated to find a lightweight yet powerful caching scheme.
One-touch caching strategy
In this section, we introduce details of one-touch caching appropriate for wireless CDNs, which shows competitive performance with the minimum intelligence even under light weight.
Simplicity
The main advantage of one-touch caching is its simplicity due to its light weight. This property makes our scheme suitable for wireless systems with limited computational capability. As shown in Table I , the run-time complexity of our scheme is consistently, under any circumstances, O(1). One-touch caching makes cache servers maintain the most recently requested content and, when there is no free space for storage, evict random existing content. Fig. 1 illustrates the content management approach of our strategy. Until the sixth time slot, all the requested content is accumulated in the cache server because there is an extra space for storage. Of course, if content retained in the cache server is requested, the content is replied from the cache server as shown in the fifth time slot of the figure. After the sixth time slot, some content is evicted by newly requested content because of the limited storage space. The evicted content is chosen in a random way. At the seventh time slot, we can find that the content with ID 12 is newly stored while the content with ID 2 that is randomly selected is replaced. It shows the simplicity of our scheme. Surprisingly, there is no requirement for any data structure, sorting operation, or other processing capabilities for storage and replacement. Fig. 1 . One-touch caching mechanism
Competitive performance under simplicity
A minimum amount of intelligence is unavoidable to permit competitive performance, even under the simplicity of O (1) . Once content is requested, one-touch caching makes cache servers store the content regardless of its type. This means that our scheme can at least reflect recent request trends. Our scheme exploits the temporal locality [5] whereby there is a high probability that the content will be requested again in the very near future, similar to LRU. Interestingly, it is all of intelligence in our scheme, which is used only for storage. One-touch caching does not require any additional intelligence for replacement by a nondeterministic way, in contrast to LRU. In conclusion, our strategy exhibits competitive performance even under its very simple mechanism.
Performance evaluations
We evaluate one-touch caching using our c++ based simulator, and compare it with LRU, LFU, and RANDOM in terms of hit ratio:
where N is the total number of requests and h k = 1 if content k is already in the cache and hit when it is requested while h k = 0 otherwise. Here, RANDOM is a scheme based on a nondeterministic decision without any intelligence as a baseline for comparison. It makes cache servers store random content among accessible content, irrespective of the type of content requested, and replace existing content at random in order to store the new content. In addition, we adopt variants of the conventional schemes called smart LRU and smart LFU to clearly show the effect of the minimum intelligence in comparison with ideal cases. Smart LRU and smart LFU have identical replacement rules to conventional LRU and LFU. The only difference is that the smart versions manage additional lists to store all accumulated request information from the beginning, causing an enormous overhead. They do not store content if its priority is lower than that of all accumulated content in the list, regardless of whether the content is the most recently requested. Smart LRU is not shown in Fig. 2 because it is functionally the same as conventional LRU.
Simulation scenario
We consider a wireless CDN with one cache server and fifteen users for proof of concept. The packet loss rate of one-hop links between the cache server and users is set to 0.3 on average. The content request model is simulated by a Poisson distribution with mean 5 and the content popularity follows a Zipf distribution characterized by the exponent value α. The simulation period is set to 10,000 s and we conduct 20 iterations. We consider 2,500 items of content, each with a size of 2 GB, and set the cache space to 1 TB.
Fig. 2. Performance comparisons

Simulation results
We first analyze the performance of the caching strategies for various static content request scenarios with different α values. Basically, larger values of α means that a small number of contents are intensively requested, whereas smaller values of α characterize the inverse tendency. From Fig. 2 (a) , we can see that our scheme is generally competitive with the conventional LRU and LFU, as well as the variant smart LFU scheme, regardless of α. The maximum difference in performance occurs at α = 0.75, when the smart LFU scheme has a hit ratio of about 20% higher than our scheme. Interestingly, this can be regarded as an acceptable difference if we consider that the overhead of smart LFU is much heavier than that of conventional LFU and that the scenario is very unrealistic as a static content request model. An obvious fact is that the performance of our strategy is surprisingly close to LRU, LFU, and smart LFU in spite of having relatively little intelligence. Actually, it is a considerable achievement to break the stereotype of the performanceoverhead tradeoff. Next, we compare the performance of each scheme when the content request distribution changes in order to observe how well each strategy reacts to changing request patterns. In other words, the feasibility of each scheme is definitively verified. In the simulation, various frequencies of changes in content request patterns are considered, from 10 times up to an extreme case of 1,000. Here, α is set to a realistic value of 0.983 [6] . Intuitively, the overall performance is degraded, irrespective of strategy, as the frequency of the content request change increases, as shown in Fig. 2 (b) . LRU shows the best performance in all cases, except when the frequency of changes is 1,000. Surprisingly, our low-intelligence scheme remains competitive with the other higher-intelligence strategies. In addition, the maximum difference in performance between LRU and our scheme is only 7%. In this context, we can observe the potential of our scheme in flexibly coping with dynamic request patterns in spite of its little intelligence.
Conclusions
In this paper, we devise a lightweight one-touch caching strategy that is appropriate for wireless CDNs and has a run-time complexity of O(1) under any circumstances. The performance of our scheme, which is designed to operate with a minimum of intelligence, is comparable to that of conventional, heavy overhead, highly intelligent schemes such as LRU, LFU, and other variants.
